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SUMLARY

This iiote describes the development of the cartridge-operated

propellant feed system for the R.T.V.1 rocket motor which provides a

thrust of 900 lb and a total impulse of approximately 19,000 lb soc;

the propellant flow rates are 3.46 lb/sec of methanol diluted with

water and 2.18 lb/sec of liquid oxygen. Both fuel and oxidant tanks

are pressurized simultaneously to 425 lb/sq in with the gas produced

from the controlled burning of a single solid propellant cartridge.

The pressurizing gas is isolated frcm the fuel and cxidant by pistons

which traverse the tanks so discharging the propellants. The total

cartridge weight is 9 lb and the powder alone weighs just under 4j lb.

In the initial stal-Ps of the work, leakage of oxygen past the

piston resulted in socondary caabustion of the pressuriing gas and

led to the use of an oxy,pn-rich powder based on ammonium nitrate.

This was satisfactory although succeedini, batches did not give the

same result and sampling in the actual rocket motor proved necessary.
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I Introduction

The thrust reauirements of the R.T.V.1 missiles fall into two
groups: (a) a minimui, of 800 ib, and (b) a minimum of 1,000 lb. This
note describes the development of the propellant feed system of a motor
to meet the first of these. This motor provideL a thrust of 900 Ib'
and a total impulse of approximately 19,000 lb sec. The propellant
flow rates are 3.L-6 lb/sec of a 69C methyl alcohol/4 water mixture
and 2.18 lb/sec of liquid oxygen.

Pressure feed, in preference to a turbo-pump system, is dictated
by the size of the missile and the pressurizing gas is isolated from
the fuel and oxidant by pistons which traverse the tanks and so
discharge the propellants. This arrangement ensures that a continuous
flow of fuel and oxidant is maintained regardless of the attitude or
acceleration of the missile; a pre-determined centre of gravity shift
is also obtained.

Of the methods available for providing the necessary pressure,
the simple ccmpressed gas arrangement was rejected as being far too
heavy and bulky and a system in which gas is produced from the con-
trolled burning of a solid propellant cartridge was chosen. Although
ti-ds technioue for the ejection of liquids had been well established
in this country during the war, no information existed on the behaviour
of liquid oxygen under such conditions. For this reason test experi-
ments on a simple apparatus were carried out by A.R.E.kI), -01ite Lea,
in which liquid oxygen alone was expelled at a flow rate of about
3 lb/sec using both cordite and plastic charges. These tests were
su.ccessful although there was some evidence of leakage past the piston
during filling, even though the vessel had a machined internal bore.

As a result of these tests the complete R.T.V.1 feed system was
designed by A.D.E. in collaboration with A.R.E. and the manufacture of
specimen components followed. Trials carried out at A.R.E., Vhite Lea,
with this equipment proved that the design of tanks and pistons,
particularly the oxidant tank and piston, needed considerable modifica-
tion. At this stage the work was transferred to Westcott where
development continued and finally a successful design was reached. For
the purposes of these tests the combustion chamber of the motor was
replaced by orifices calibrated to give the appropriate flow rates.

Static' and flight tests on the complete motor comprising expulsion
system, con b stion chamber, valves and timing mechanism, are de,scribed
separately 2). Other asoects of the work, including the development of
the combustion chamber(3), assembly and test o4 the motorQ ) and some

of the problems encountered in its manufacture(5), are also reported
separately.

The work described in this note was largely completed in 194E&, but
oving to the over-riding necessity of providing a rocket test vehicle,
reporting has been delayed. Experiments required to determine the
correct cartridge design for satisfying requirement (b) at a thrust of
1,075 lb are expected to be completed shortly. Some tests at high
ambient tempaerature then remain to be done on the feed system to check
its behaviour under conditions likely to occur at L.R.W.E., Australia.

2 General description of proiellant feed systqm

The lay-out of the propellant feed system is shown in Fig. 1. The
solid propellant cartridge is housed in, and attached to, the heavy
forging at the open or forviard end of the fuel tank. This forging on

NLA IE D
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which the winp,s are mounted in the actual missile fenos the breech or

chamber in -::hich thu cartridge burns, the ends of the chamber being

closed by the fuel pis, on and the base of the oxidant tank. Gas from

the burn.ing charge comes directly into contact with the fuel piston and

is conveyed to the oxidant piston by six pipes equally disposed around

the periphery of the breech. Considerable difficulty was experienced

in sealing the oxidant piston and in order to make use of the differen-

tial contraction resulting from dissimilar metals this piston was made

of mild steel. The entrance of each gas delivery pipe into the fo2Niard

end of the oxidant tank is displaced by 1800 from its exit in the breech

and thus provides a half coil which allows for expansion and contraction

oithout placing strains on the end joints. The oxidant delivery pipe

is taken from the base of the oxidant tank along the outside of the fuel

tank after which it passes through the fairing connecting the fuel tank

and the combustion chamber strong ring and hence to the combustion cham-

ber injectors. ,he fuel delivery pipe is taKen straight from the base

of the fuel tan: through the same fairing. A bellows made of very thin

al mini=m alloy io fitted betceen the fuel pipe and its respective

attachment to the cmibustion chamber injector to allow for expansion and

contraction of the pipe; the shape of the oxidant pipe line is such

that the larger :ovaeint expected from this cause can easily be acccrmo-

dated withou-t, the use of bellows. The oxidant pipe is lagged with

asbestos tale over tle complete length from the oxidant tank to the

combustion chamber. Both fuel and oxidant pistons are fitted at the

forvard ends of their respective tankLs and move rearards during their

stroke.

The solid jropellan! cartrld,e is ignited by passing low tension

electric current tirou,h ta_ o igniters, one at each end of the cartridge.

The end o: . cartridge adjacent to the oxidant tank contains a boost

charge whIch I1S s tCd si..n,.tneously with the main charge by the same

igniter. Pha boost chare consists of 2 - oz of cyli.drJal pellets
3 /16" diameter wi 1h a len-th/diameter ratio of I. These pellets possess

a large surface area wei:ht ratio and produce a relatively large quantity

of gas in a very shIort tdie of barninv and thus create the correct

pressure and temperature conditions for the main charge to sustain.

A vent valve is fitted itto the oxidant tank immediately in front

of the leadIin eige of the oxidant piston to permit the escape of gas

produced by the evaporation of liquid oxygen. This valve is closed by

the initial movement of the oxidant piston during its stroke

A small set-screy; s screwed into the fuel tank wall just in

front of the leading edge of the fuel piston. This screw is removed

during the filling operation in order to vent the tank.

The oxidant ,ank is smaller in diameter than the fuel tank and is

lagged with a uifoiT thickness of magnesium carbonate powder to provide

some measure of insulation for the liquid oxygen. The pounder is held

in place around the curved surface of the tank by a P.V.C. sleeve which

in turn is supported by an aluminium alloy fairing of the same diameter

as the fuel tank. Both ends of' the oxidant tank are also laggd with

magnesium, carbouQ o p

L Jrati n 2f onte

Tho 2JLlin oi_;ratIons !are carried out with the longitudinal
axis of the t in:ls :Icmned at 300 to the horizontal. This attitude of

the tanks was seloibtl in order to simulate final launching conditions.

SECRET
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owing to the rapid evaporation rate it is essential to fill with oxidant

when the vehicle is in the final launching position.

The fuel tank is filled under pressure from a special trolley as

shown in Fig.2. rhe vent screw is removed from the fuel tank and the

supply pipe from the filling trolley is connected to a non-return valve

situated at the laaer end of the fuel delivery pipe. The spherical

tank on the filling trolley is pressurized to 10 lb per sq in by com-

pressed nitrogen, and a solenoid-operated valve controls the supply of

fuel to the rocket tank. Filling is continued until fuel overflows

from the vent screw aperture. The vent screw is then replaced., the

supply pipe disconnected, and a blanking cap screwed over the non-return

valve as an added safeguard against leakage.

Definite time limits are set for filling the oxidant tank to ensure

as far as possible consistent initial temperature conditions for the

cartridge. It is important to note that the oxidant tank must be

lagged with the recommended amount of magnesiim carbonate or it may be

impossible to fill the tank within the required time. The oxidant tank

is filled under pressure from an expense tank as shown in Fig.3. The

supply pipe from the expense tank is connected to a non-return valve at

the lower end of the oxidant delivery pipe. The reason for using the

expense tan-, which is filled -rom the bulk storage tank, is that the

latter is only capable of withstanding a pressure of about 10 lb/sq in.

The pressure in the expense tank is maintained at approximately 35 lb/
sq in but this pressure varies slightly with the length and bore of

pipe connecting the expense tank to the rocket tank. The criterion

which determines the pressure to apply to the expense tank is that the

rocket tank mu3t be filled within the period 5 - 8 minutes. Filling is

complete when liquid oxygen spurts in a steady stream frcn the vent valve

aperture. At this point the supply pipe from the expense tank is dis-

connected and a blank-ing cap fitted to the non-return valve.

At the ccmmoncement of the oxidant filling operation of the R.T.V.I

most of the liquid o-ygen flowing throug-h the delivery pipe changes into

gaseous oxygen befcre it reaches the oxidant tank. This part liquid,

part gaseous flow continues in varying proportions until the evaporation

process has lowered the temperature of the delive ry pipe sufficiently,

when a preponderance of liquid o)ygen is delivered to the oxidant tank.

In the oxidant tank the same process of cooling by evaporation of the

liquid oxygen continues until the tank is at a sufficiently low tempera-

ture to retain the liquid oxygen in its liquid form. The curve given

in Fig.- shows the wei ht of liquid oxygen in the oxidant tank plotted

against time during the filling operation and after the filling operation

has been completed.

3.2 Functioning of system

It is extremely important that the cartridge is fired at a pre-

determined time after the oxidant tank is filled, for the following

reasons: -

(i) Oviing to the evaporation of liquid oxygen the initial free

volume for which the boost charge is designed increases rapidly with

time.

(ii) ahe close proximity of liquid oxygen reduces the temperature

of the cartridge, the breech and, in fact, a large part of the system,

progressively with time; the performance of the cartridge is affected

by the initil temperature distribution throughout the system and the

burning rate of the composition itself is also a function of temperature.

SECRET
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(iii) The differential contraction effect of the oxidant tank on
the lictuid oay:-en piston increases with time.

The time between ccmpletion of oxidant filling and firing the cartridge
has been set at L minutes + t seconds,

After the cartridge is fired, gas is evolved and builds up pressure
in both the fuel and oxidant tanks. When this pressure reaches 75 - 100

lb/sq in a shearing disc in the oxidant orifice fitting (Fig.-5) is
ruptured and oxidant commences to discharge at approximately 0.5 seconds
after firing the cartridge. As the pressure builds up to 300 lb/sq in
the shearing disc in the fuel orifice fitting is ruptured and fuel is
discharged at approximately I second after firing the cartridge. The

time delays between firini the cartridge and rupturing the two shearing
discs are purposely arranged to simulate the starting conditions in the
combustion chamber. Expulsion of the fuel and oxidant continues for

20.5 seconds when all the fuel is expelled. The expulsion cartridge is

designed to maintain full pressure for 22 seconds to ensure that the
perfomance of the ctor is maintained until all the fuel has been burnt.

4 Development of cuompononts

The ccmponeunts of t1he propellant feed system were first made to
function corr-cty using approximately half the weight of solid propel-
lant in the cartridce. After the components had proved reliable in use
the final wei ht of solid propellant was determined.

The resalts f the trials carried out by A. R. D. , White Lea, proved
that the orig,inal dcsi'-ns of tan"s and pistons were unsatisfactory,
particularly the oxidant tan] and piston. The main difference between
the preliminary tcsts oi thu simplified apparatus( 1 ) and those on

R.T.V.1 was that in tho fora.ir casc the vessel used had a machined inter-
nal bore held ,- close lii.t ;,hereas the fabricated R.T.V. i tanks could
only be hold to wide nits. Consequently, although a satisfactory
piston seal a(ainst liquid oxyg,en was obtained in the preliminary tests,
when R. T.V. 1 tanks were ased the same typo of piston proved useless.

Further experiMental work was hold up, therefore, until satisfac-
tory piston seals h d been achieved in the fuel and oxidant tanks. The
liquid oxygen vent valve had also proved unsatisfactory and this was,
therefore, redesigned. The oxidant tank lagging was next developed and
finally the correct wights of the main charge and boost charge were
determined and a suitable cartridge was designed.

14.1 Description of' oaporietalrig

The first propelant cxpusion tests were carried out with a tank

arrangement and test stand rather similar to that shown in Fig.5, but

not mobile. The oxidant and fuel pipes were connected to orifice
fittings through junction pieces frcm which filling connections were

taken. The orifice ittn s, shown in Fig.5, contained a shear disc

assembly, a prcssuie tadi0  positioned after the shear disc, and finally

an orifice through whch te fuel or oxidant was expelled to atnosphere.
A safety disc was fittod to the fcirard end of the oxidant tank and was

designed to rupture at L8D lb/sq in in order to safeguard the tanks from

damage should igher p ss,LrGs tend to develop. The tanks had been

stressed originally to tle O.2l' proof stress at an internal pressure of'

450 lb/sq in. -saf(-y is fittinc was attached tc the breech at

first, but afte r -nunforesen difficulty, wich is discussed later, was

moved to the fuel discharge line and thereafter to a position communica-

ting with the 0pace behind the oxidant piston.

SECRET



SECRET

Tech. Note No. RPD. 24

The R.T.V. 1 fuel tank is designed for the closing end to be welded

to the tube after the fuel piston has been fitted. it is, therefore,

impossible to remove the fuol piston once the tank has been made. ihen

a fuel tank has been used for an expulsion test the piston is 
slightly

distorted through'bottoming'on the tank, and after the piston 
has been

traversed back to its starting position it will not seal satisfactorily.

To prevent the consequent wastag of fuel tanks it was decided to use a

modified fuel tank for expulsion tests. This typo of tank had a light

alloy flange welded to the tube in place of the closing end, and was

sealed by a closing plate bolted to te flange as shoan in Fig.1. 
With

this type of tank the fuel piston could be removed after firing 
and a new

piston fitted, thereby enabling the tank to be used indefinitely provided

it was not unduly stressed.

Fran safety considerations the expulsion tests were conducted in

the open, and the cartridge was fired remotely from a concrete control

roan below ground level. To facilitate work on the tank rig prior to

firing, and to enable the work to be done under shelter, a mobile test

stand was constructed as shan in Fig. 6. This stand was made quickly

adjustable for height and inclination. Work can be carried out on the

tank rig at a convenient height with the stand horizontal, 
and when the

stand has been towed into position ready for filling the 
tanks, it is

quickly elevated and locked into position.

4.2 Oxidant piston

Sealing the piston in the oxidant tank against liquid 
oxygen proved

to be a formidable task, . The manufacturing method adopted for the

tanks(5) created most of the difficulty. The tanks are made by rolling

10 S.7.d.. light alloy sheet (IVIG.5) into a cylinder and butt welding the

edges doy-n the longth of the cylinder. A mandrel is then drawn through

the tubes in an effort to obtain a truly circular bore. Af ter pressure

testing, the tubes are welded to the tank ends which are machined from

forgings. This method of manufacture does not permit close limits to be

set for the internal diameter, ovality, and taper of the tank bore.

ITith the limits which, were eventually set the mean internal diameter of

the bore wvas held to within 8.000 in and 8.050 in, subject 
to a maximLm

ovality of 0.030 in.

The original design of the oxidant piston is shown in Fig.7(A).

This piston was a liiht alloy pressing using 
a T-shaped Gaco ring as a

seal, held in place by a light alloy ring secured 
to the piston by bolts;

the slotted skirt allows the gas to be admitted from the six pipes.

After it had become evident that large quantities 
of liquid oxygen

were leaking past the piston, the domed cover 
plate was removed fram the

oxidant tank and the piston held in place at the end 
of the tank by trans-

verse metal straps. By removing the cover plate the position 
Of the

leaks could be seen. Although the piston provided an effective 
seal

against water, liquid oxygen leaked badly 
throug,h the bolt-holes and

past the sealing ring. The leak through the bolt-holes was 
cured by

fitting brass washers over the bolts, but the leak round the Gaco ring

persisted. i O-section ring (Fig.7(B)) was then fitted 
in place of the

T-section ring, but the change effected 
no improvement in sealing against

liquid oxygen. At the temperature of liquid oxygen the ring material

became extremely hard and brittle, showing 
no inclination to obturate as

it did at normal temperatures.

When it had been established that the original 
sealing ring material

was unsuitable for use with liquid oxygen, various organizations and

firms were approached for materials which would 
remain flexible at very

- 8 -
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low temperatures. Various proprietary makes of pacling were tried but

found to be unsatisfactoxr and the most pranising material discovered

was water-dressed, de-greased, oak tanned leather. This material was

supplied in tho form of cup-shaped washers and flat washers both slightly

larger than the piston diameter. It ,as anticipated that the cup-

shaped aashers, shown in Pig. 8(A), would obturate under the filling

pressure and provide a satisfactory seal. This result, however, was

not obtained and some alternative methods of pressing the washers against

the tank wall were tried as shown in Fig.8(B), (C) and D). All these
methods failed to ma1te the wiashers provide a static seal against liquid

oxygen.

The flat leather -. ashers aere originally obtained to back the cup-

shaped washers, as shon in 9±g.o(E) and it was noticeable that the

liquid oxygen lek was much redUcod Tahen a flat washer was fitted behind

one of the cup-washers. It was decided to try tco of' the flat washers

alone as a seal arid in order to 3ct the maximum effect from the clamping

ring this was provided with a 2 1 ange, as sho-wn in Fig.8(F). In addition

studs wore fitted to tho clampinjg ring and sweated in position with soft

solder to obviate leaks through the bolt-holes in the ring. A lead

washer supported by a flat steel ,asher was placed on each stud on the

piston side. TT-is arrang,e'.ent produced an almost perfect static seal

and provided the basis on which a nevi piston was designed.

As a result of the exroriments w-ith the flat leather washers it

was considered possible to achieve a perfect static seal against liquid

oxygen if the ;rashers -w-ere compressed between two flat surfaces with

sharp corners at the edwe s. The pistLon was accordingly designed so

that thle piston shirt made a sharp corner w-ith the washer recess, and

the flange on the clamping r.ias replaced by a parallel portion of

the piston crown2 as shown in Fig. 9. The leather washers were pressed

over the crowTn and compressed betwieen the clamping ring and the piston

by studs screwed and sweated into the clamping ring. Lead washers and

flat steel washers fitted under the nuts provided a seal for the studs.

The piston is fitted into the oxidant tank with the clamping ring nuts

loose and the nuts are tightened when the piston is in its correct

initial position. The nuts ire tightened until the lead washers con-

monce to extrude from under the flat steel washers; this effectively

limits the degree of comrossion which can be applied to the leather

washers.

The piston ;ass desij_ned to be made in light alloy (MG. 5) but owing

to the long delivery time of i'org iings, it was made in mild steel initially.

When the first li-ht alloy pistons were tried trouble was experienced duo

to the piston skirt pickin: up L ring its stroke, and causing the piston

to seize. It was decided, therefore, to revert to machined mild steel

forgings which had proved very satisfactory. Oing to the manufacturing

tolerances permitted c.c the oxidant tank: w-d piston diameters some

trouble was caused by the piston tondiyv to misalign itself with reference

to the axis of the tank during its stroke. This trouble was cured by

cutting a 100 chamfer on the leading edge of the clamping ring as shovn

in Fig.9 and bellin: out the ed.ne of the piston skirt to suit each

particular tan1k. The method of fitting the oxidant piston is described

in Appendix I.

4.3 Fuel piston

The fuel tan- is i,iana u'otured in the sam(e. way as the oxidant tank

and the same dimensional clor'noes apply. The difficulties experienced

with the fuel piston, hcwvervr, proved far less onerous than those with

the oxidant piston owin -o the greater rcng,o of compatible materials

available.
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The fuel piston was originally designed as a pressing in 16 S.1. G.

light alloy with a T-shaped Gaco ring for a seal in a similar manner to

the liquid oxygen piston, shown in Fig.7(,). This seal proved unreliable

in use as the top edges of the T-section tended to curl up during the

piston stroke. The length/diameter ratio of the piston was so very

small that any tendency for one part of the piston to stick- immediately

threw the piston out of line with the tank bore and so caused it to jam.

In addition, the T-shaped ring did not provide an effective static seal.

The final design of the fuel piston is similar to that shown in

Fig.7(B) for the liquid oxygen piston, except that the slots are anitted.

Little could be done to improve the lengthdianetcr ratio as any increase

in the length of the piston would have decreased the amount of fuel

carried. The tendency for the piston to get out of line, however, was

overcome by increasing the thickness from 16 S..G. to 13 S.W.G; this

improved its rigidity. The piston seal was also changed to an O-section

Gaco ring; this gave a satisfactory static seal and was not prone to

stick during the piston stroke. To ensure that the piston seated

squarely in its initial position three long hexagon nuts were substituted

for three of the ordinaxy nuts used to attach the sealing ring channel to

the piston crown. These long nuts are seated on the rear face of the

strong ring at the front of the fuel tank. A pressure test was insti-

tuted to ensure that the piston madu a satisfactory static seal before a

piston and tank assembly was passed for use in an experiment. The test

consisted of supporting the tank vertically with the open end facing

donwards, filling the tank with three or four gallons of fuel and

admitting nitrogen at a pressure of 20 lb/sq in to the tank above the

fuel for 30 minutes. During this tos! there must be no trace of fuel

leaking past the piston.

4.4 Oxidant vent valve

The oxidant vent valve was provided to vent the gaseous oxygen

produced in the oxidant tank during the evaporation process, and to seal

the vent when the tanks were pressurized. The original design is shokrn

in Fig.lO. The valve was housed in the thick flange of the oxidant

tank end forging, and a passage welded to the side of the tank connected

a hole through the tank wall in front of the piston with the valve

housing. With the valve in its venting position the hole in the tank

was connected to atmosphere. When the expulsion cartridge was fired

gas pressure on the underside of the valve lifted it onto a seating in

the valve housing. This design was very unsatisfactory because gaseous

oxygen leaked through the valve into the space behind the piston thereby

shutting the valve and so proventin- the liquid oxygen in the tank from

venting. An attempt was made to seal the space behind the oxidant

piston by spring loading the valve onto a seat in the bottom of the valve

housing. This arrangement did not prove very satisfactory because the

expulsion gas had to close the valve against this spring pressure. This

design of valve was eventually discarded, however, because of the diffi-

culty experienced in welding the pcuage to the tank wall.

The final design of oxidant vent valve is shovn in Fig. 11. The

valve is held in the venting pos*tion against spring pressure by a shear

pin made frcm 2t S. .G. copper wire. At the beginning of its stroke

the oxidant piston lifts the plunger which breaks the shear wire in the

valve. The valve is assisted onto its seating by tht riovement of the

plunger and the spring hold against the flange on the plunger. The

valve boss is secured to the tank ;all by twelve 6-B A.. sot-scrows and the

seal bota;een the contoured base of the boss -nd the tank wall is effected

by a rubberized fabric washer. The set-screws are cleaned off flush

with the bore of the tank. Each valve is lapped to its seat and tested

prior to assembly in the oxidant tank; this test is described in

Appendix II.

-- 10 -
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4 5 ln ulation of oxidan,it tank,-

The firs- t nucccsful . ,eits to fill the oxidant tank with
liquid oxygen p-roved the necc itv for efficient lagging of both the
filling pipe aind the oxidant Ini c The proble: of lagging the oxidant
tanrk was complicaIted by th, ii 's delivery piyes which are fitted
close to the outside. of the tank The first lagging method used, which
enabled the tank to be filled ith liquid oxygen, was to surround the
tank with a )4 inch thick layer of slag wool held in place by asbestos
tape. The delivery pipe :a: alo lagged with two thicknesses of
asbestos tape. ' ttempts vcre mp Lo to find more suitable insulating
materials and asbes tos fibre and po;:dured magnsiun carbonate aiPeared
to be tie best availible,

After a, foa trials asbestos fibre was discarded in favour of mag-
nesium carbonate. A cyliridrical shet m,ta-l wrapper .ith two longitu-
dinal flanges bolted tocther was made to encircle tic tank so as to
leave a on inch en nulus bctw en tank and arapper. The space between
the v,rappur and the tan" at 'ue forward end was stuffed with asbestos
fibre for ap roximateiy t o inches and tah 'nao,siura carbonate was
poured into the reraining anula,r a,ce except for the extromo rear end
which was sealed as befre i a asbestos fibre. This arrangement was

used for the tr1il coneirn d ith the initial development of the
expulsion cartridge. -In arrjiig -t the final cartridge design it was
necessary to develop a method of LIn-ing -,hich would be suitable for
flight trialL:. mIg giaig method finaally -,dopted, shown in Fig.12,
makes use of I 1.V,C, vto ruLain the magnesiuAn carbonate in
contact ith t. tk t ± I w is surjorted by a light alloy fair-
ing. The method of , ac.ribed in dct iil in Appendix III.

5 o i ' e ati~

Is alredy pointQd oat in p ,ra,s the ,urly tests on 7 T V 1
tanks showed that the ori sin J ty of piston seal qam cuite ineffective
a.ainst liquid oxygen. Aince the g produced by, the cordite and
plastic propellint ( xpul ion Ih1i01 tiin :ILn Cu-e contained an excess of
fuel, secondarv combustion occurred --ith oxygen la:king past the piston
and the light alloy t n ', lt1 near t'i, for,-,rd end A perfect
seal against liquid ozygen , at 1-a;t daring th filling period and
preferably duriig thL; oijton t . 1lo, alo was, therefore, required,

Two 1ii,s of -,ct ioni r ollowed to ovurcome this difficlty
The first was to design i factory jiton seal against liquid oxygen
in the R.T.V.1 tank; the oocund s to 'iad a solid yro ellant produ-

cing surplus oxygen-,ici -,voald not give rise to suconda-ry burning in
the presence of oxygen. The outcomec of the search for a satisfactory
piston seal h s alre-dy bcfi described in par..2 and was succesful in
that a satisfactory st,-tl oeL ,,l ,cl.icvhvd, A solid propellant made
from a pressed powder comj)oaition, consistiig mainly of ammonium nitrate
and containing surjplus oxygen- was found and it was decided to use this
composition in conjuiction wiAth the new type of piston seal.

The comyosition is referred to by thc manufacturers as 0.0. 7/0.5
and has the following prcent age corrposition:

..,mmoniuri nitrate 78. 5

'ot as sium ,nitrate 5k . ()

Araioi i u. di chre ma toc5.

Ammonium ox.a la ahydrous 6.5

-11 -
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A small quantity of china clay, 0.5 - 0.9' is also added. The rate of

burning of the canposition is, of course, dependent on the burning
pressure, but can also be controlled independently by varying the
percentage of china clay in the mixture; the [Teatur the amount of china

clay present, the slower is the rate of burning.

5.1 Functioning tests using cartridge

The first experiments with the propellant feed system carried out
at R.P.D. using a solid propellant cartridge were mainly functioning
tests to ensure that the ccmponents of the system vere satisfactory.
Most of these were done with petrol as the fuel since the decision to

change to alcohol in order to ensure reliable operation of the combustion

chamber had not then been made. A solid propellant charge weighing
3 lb 2 oz (to IC.I.. Specification 0.C. 7/0.5) calculated by the method

referred to elsevihere( 6 ) was used -ith no boost charge. Pressure

records were taken from the breech, the gas space behind the oxidant

piston, and the oxidant and fuel orifice fittings. A typical pressure-

time record is shvrn in Fig. 13. Thermocouples made up from chromel-
alumel wires held in sparking plug bodies were used in conjunction vrith

millivoltmeters to obtain temperature records from the gas space in

both fuel and oxidant tanks; a typical record is included in Fig.13.

The first test using the new design of oxidant piston resulted in

an explosion. It is possible that petrol leaked into the breech during

the fuel. filling operation and caused an explosion when the charge was

ignited. The explosion misaligned the fuel piston and opened the welded

diaphragm in the breech end of the oxidant tank and thus allowed fuel and

oxidant to mix with the burning charge in the breech. The difficulty

was Oliminated* by li1itinfg the fuel filling pressure to 10 lb/sq in,
testing the piston seal before use, as described in pard.4.3, and using a

forged end for the oxidant tank in place of the thinner welded diaphrag.

A safety disc .-as oripinally fitted in the breech to prevent damage
to the tanks should the gas pressure rise abcvu 4UO lb/sq in, but the

disc ruptured below this pressure on one occasion and the resulting rapid

drop in pressure sucked back fuel and liquid oxygen into the breech and

caused an explosion; this occurred when the oxygen piston seal was still

undergoing development. Subsequently the safety disc was moved to the

fuel discharge line. In this position the safuty disc often ruptured

below the desiLped pressure owing, probably, to a pulsating effect set

up when the fuel bursting disc ruptured. It was finally connected to

the space behind the oxidant piston where it functioned satisfactorily.

5.2 Final design of cartridge

After the components of the propellant feed system had proved

reliable in the functioning tests, experiments were undertaken to produco

the final design of main charge and boost charge to give the required

pressure-time charactoriotic.

To vary the area of the burning surface of a pressed-powder type of

propellant it is necessary to vary the internal diameter of the charge

container.- As this requires quantities of tubing of various diameters,
which were not available at the time, it was decided in consultation with

the manufacturers of the propellant charge to have a constant burning

surface and to vary the rate of burning of the criposition in order to

achieve the required porfonlance. It was further decided to use the

stool tubes produced for the 5 inch A.T.O. solid propellant rockets for

the charge containers. These tubes were readily available in the

- 12
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quantities re:to; ae - r niiui 'h lar.-res-;1 rnn surface that

could conveni.entlY 1)- h!I ls breech, anda %,ere capable of with-

standin- "he chiar,--, j;si:pesu

Fror. the ro,'ordsnci e l har w 1ioec that had bceen obtained

d.aring; the fanctionint t Ie rl- e natunr sti:mated the required

increase in the rateo of :anxK l, pr(,-prudmr sml chargus for

further tests in t1len9 ' u olri> These charL-e,s were testud

by the manufacturcrs 1,11i-, .Lnm th li har,'eoa one :enTd only, in a small

cylindrical sto el vesze'l amai allcain. j1he as J exhaust to atmosphere

throurja a calibratei. o r -iiceo. I t 'i a,s :onu "o est1ablish a correlation

betwecen the -1,ressure obtain[,ed by thIS ~e;~ and the preosure obtained

in the R."'.-I. I rrop,ellant cc linexp,.,:cJL onts. Al.thourh reods .-erc

obtained frcm sc,vorcl ai]rt charge,s -and a satisfactory composition of

main charre and boost, ch -J as finally obtained, there appeared to be

no direct correlation bclt;reenr tha two m(_;thcds of testing the charges.

A sunmof th,-? co i c,uraic-J o-ut to produce a satisfactory

main charge and boost chair;I. ugiven in Table I. The pressure records

obtained from the bre'chl!'i scmu of these- tosts are shavm togother

in Fig. 14; these cl,arlyi shoiw thu offe cc of' incre,asing the size of the

boost. The correct chr idctdbY the la.3t test in 'Table I-, is

4 lb 5 oz plus a 2'o:. boe'sl(- -, thu compc sit-ion and weight of' main
charge andbos ch armODV" nas .fsa , z)lishu'd the final desij-,n of charge

container was p-reparua -_11n( a ihcfvrri in ig 5

5.5 DifficultiLes o, f ba ,c'1- rcocuto

Havin :tle aa010 .na batch of cartridEges a

further small eap ~u ct ~L~ond-Ji- the ccmpletion of' sufficient

charge conltaLIeS f(O CC le, e i-he sr i lorder for 250 cartridges. Ct

w;as verly dis*ccinoorti -J IV:a, tO t'inT_ that tho new cartridges did

not reip,iat the p 01-ir O . e prievil. i batch, and, in facot, a further

five batches c_-,.rt r.,i-(L e ta-i u T.V.l before an acce ptable

pu rfolmiac a s or. cowed. A cuts cra b x-t-:ei,,,n the pre.ssure spe cifie d

by the m anuwii' - Va i : rw -1! _ca n tordLed -i the 11.ri.V. I

proellnt zon ± usa 1-n 19L. i Chrges f'rom any given,

batch, hcwever to - eer 1 o__b1 .i A 12t. V to wAthin about

+15 lb/s Jin

T it I n I o I~~;:.ri a by the manufacturers an

attempt was ma,5 to ac x r r i S 2r all (Jffort toa find the cause of

the rlsrnas. ra d f tIime ava.Llab lc insufficient work -,as

done to dralw any de owf c- Lisins, bat thej Ypneral inference was

that this type I_, tois!-a :,, t w c riI s--is-'Aivie for tho purpose.

The desicn of at.t ru a o ed -n the -1 ' V Iepulsion gear, but of. a
muc smplr ontr _ot ,. -aa a] so considerd bt it was doubtf ul

whether the ten4 qera' tre 1-as ihr-jbu -Jon c'm~hu the systra would apro&ich

that of .T.V.' I hu.iemi] czsly for t(iw- results to be of any real

valuLe. Si n Ce eve;T r(:r,hu 1e nomoe,br of batches to be tcsted wras small

and espec-ial]ly ,, ! ahl-' xe had adopted a new manufacturing tech-

nique, wihaea-m. -o 4 -rmeasure )f control on pe(,rf'ormance,, it

was decided to o 4-4j, -l 2 san n the P.W.. xpulsion rig.

In ien- ,i*p,Ie re prepared, one with a

low er rate -f b 'i..'ox .rd, anuti zhe ot;her w-ith a hig-her rate of

burning,. Saaplfe 0 r~, "aumade using def'inite proportions of the

two stocks of Y 9W oier :1 w ehe nd these. are teste d in the R.T2 V.'

tank ri:andi'isur-t.i ro,,ords- obtained. 11f this pressure record

is unaccep table reh-..:o itusaria pre_pa, red, and the proportion,"
of the twio stoo'-s c-f Ti aru varie;d ais n cess-ary to j.iccrease or de,-

crease the rate -i ]b oru:t rd<.i t(, produce the reqiiured pressure.

- 1) -

SECRET



SECRET

Tech.- Note No. FTD.24.

5.4 Operating conditions for cartridge

The functioning tests described in para.5.1 showed that the close
proximity of liquid oxygen affected the initial temperature of the breech

and hence also that of the cartridge. Consequently, it became obvious

that if the cartridge was to give reproducible results the length of

time that liquid oxygen was in contact with the apparatus, prior to

firing, would have to be carefully controlled. This entailed keeping

the oxidant filling time to within set limits and fixing a definite

interval between the cessation of oxidant filling and firing the cart-

ridge.

Several tests were undertaken to find out the variation with time

of the temperature of the cartridge, and that of the space behind the

oxidant piston, during and after the oxidant filling operation. A

chramel-alumel thermocouple was held in contact with'each exposed surface

of the main charge and readings of temperature were recorded fran the

commencement of oxidant filling until 20 minutes after the tank had been

filled; these results are shown in Fig.1 6 . Chrcmel-almnel thermo-
couples were also scrowed into the oxidant tank domed closing plate pro-

jecting about one inch into the gas space behind the oxidant piston.

Temperature readings were taken fran these thermocouples during the

oxidant filling operation and for 10 minutes after the tank was full; a

typical record is included in Fig.1 6 . Fran a consideration of these

results and as a result of experience gained in the filling operation the

oxidant filling time was controlled between the limits 5 - 8 minutes.

This incidentally ensured that the whole system and, in particular, the

vent valve had been assembled correctly; any additional leak greatly
reduced the filling time.

It was also decided to set a limit of 4 minutes 1 5 seconds betieen

the cessation of oxidant filling and firing of the charge. The mean

filling time and the corresponding firing time are indicated in Fig.16.

Gas temperatures in the breech and behind the oxidant piston recorded

under these conditions and with the correct charge are indicated in

Fig.17. The metal -wall temperature in the vicinity of the breech is,

of course, much lovier than that indicated by the figure and reaches a

maximum of only 2300C.

It is important to realize that the present design of charge will

give the desired performance if' the above times are held to the limits

specified. If, however, the cartridge is fired much before the time

given, then the pressures wili be high w.,ith consequent risk of tank

failure. If on the othur hand the time is alloved to exceed 4 minutes

by any great amount, experience indicates that the results are likely to

be erratic owing, most probably, to partial seizure of the pistcn in the

oxidant tank. It should be pointed out that this disadvantage of a

definite firing time dictated by the filling operation would not occur

with oxidants such as H.T.P. or nitric acid.

A gradual drop in performance of the cartridge over a period of six

months was traced to the absorption of moisture on the charge surface.

It was known that the composition was hygroscopic and charges were there-

fore stored, a number at a time, in tins having lids sealed with luting.

This evidently was not adequate and each charge is now canned by the

manufacturer as it is made and a small quantity of silica gel included

in the tin.

Sane. information was required on the temperatures likely to be

encountered in the battery canpartment of the projectile situated between

- 14 -
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the base of the telemetry head in the nose and the insulated plate next

to the forward end of the liquid oxygen tank, Measurements made with

a dummy head in place showed a fall in temperature of less than 10C

over the entire filling and firing period

6 Conclusions

I A propellant expulsion system of pressurizing by means of

a solid propellant cartridge, which is much lighter and more compnct

than a compressed *as system, has operated successfully to expel liquid

oxygen and a 60> methyl alcohol/40> water mixture; the cartridge pro-

pellant weight is 4 lb 6 oz anid the iverall cnrtridg weight 9 lb for

the R.T V,1 motor giving a total impulse of about 19,000 lb see.

2 oaling of the liquid oxygen piston proved difficult, but

was eventually achieved; a machincd internial bore to the tank would

have made the problem much easier, Sealing of the fuel piston presented

little difficulty.

3 Owaing to the caIza 'e of liquid oxygen past the piston in

the initial stages of the ,nrk it -ras necessary to use a propellant

based on aiimonium nitrate giving an excess of oxygen, in order to avoid

secondary burning.

4 S uccessive bAtches of this propell nt when mixtd and tested

by the manufacturers did not give the reqired performance in the rocket

motor. Production charges must, therefore, be pressed from thu same

mixture of po,Ier from which sLsmplc charges have beer. made and satisfac-
torily tested in R.T.V,l

5 Uo ensure repeatable performance all operations concerned

with liquid oxygen must be carefully controlled within the time limits

specified; this drawback is inherent in the use of liquid oxygen and
will not be present rith such oxidants as hydrogen peroxide or nitric
ac a.
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TABLE II

Comparison between predicted and actual

performance of' cartridge

Cartridge
.......... ... . M/[anufac turer ' s Average Pressur

Predicted Pressure obtained in RTV1
Batch No. .e ight

o.0. 7/0.5
S.1/A 3 lb 2 oz 300 lb/in2  260 lb/in2

o.0. 7/0.5
S.2/A 3 lb 8 oz 350 " 225 "

o.0. 7/0.5
S.3/A 3 lb 12 oz 400 " 325

0.0. 7/0.5
S. 4 lb 450 365

0.0./ 7/0.5
S.5/A 4 lb 4-50 "337

S.6/A L lb 40 "345 '

o.c. 7/0.7

O.0. 7/0.7
S.8/A 4 lb 3 oz 450 " 500

0.0.- 7/0.7
S9/A 4 lb 3 oz 450 " 435
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AP1I !iDX I

Fitting the oxidant iston

This operation must be carried out with considerable care if

success ia operation is to be assured The inside diameter of the par-

ticular oxidant tank to be fitted ith a piston is nnasured at the

stations show:n in Fig. I A typical list of measurements is shown in

the table below:

Station B 0 D

Vert. Dia 8.026 8.026 8.014 8.013

horiz. Dia 8.026 8.017 8.013 8.007

Mean Dia, 8.027 8. 022 8.014 8.010

Overall 1,ean Dia 8.018

The measurements at station A are only taken to check that the
forged end ring has b-en scraped (after welding) so that its bore blends
smoothly into the bore of the tube. The overall mean diameter is
obtained from all the measurements taken at stations B, C and D. A
piston is selected "w;ith a skirt diamrcter at least 0.005 in less than the

smallest mean diameter of the tanl at any station. In the example
cited above the tmiximuta diameter of piston to be used w-ould be 8,005 in

i.e. 0.005 in less than the -mcan diaracterat station D. If the manufac-
turing tolerances on the piston have been kept, this condition should
automatically be satisfied. The edge Of the piston skirt is belled out
by mwans of the tool shoin in Fig.19 until it is 0 005 in greater in
diameter than the mean diameter of the t,nk. In the example given
this dimension would be 8.023 in.

Two flat, dogreased., ter-dressd leather washers are assembled

on the piston with the smooth sides of the washers facing outwards. A

cl,aping ring, secured by six equally-spaced nuts tightened up on lead
washers, holds the leather washers in place on the piston. The piston
is set up in a lathe so that the skirt immediately adjacent to the
washers is running true, then the leather washers are turned down by
means of a very sharp tool, until their outside diameter is 0.010
± 0.001 in greater than the iran dicxioter of the particular oxidant tank

which they are intended to fit, Usinc the example given previously
this dimension would be 8.028 ±0.001 in. The six nuts securing the

clamping ring to the piston are now removed together with the flat
washers and lead washers. The clLiping ring is then eased forward
until the gap betweel the ring and the piston is approximately in.

The piston is offered to the tank, and pressed into position by
hand pressure only, care being taken tliat thu slots in the piston skirt

register witi the oss pipe apertures in the tank. If the leather
washers have been machined to the correct dimensions the piston can be
pressed home by hand pressure. The domed closing plate fitted Yrith its
sealing washer is used to bring the piston to its final position in the

tank. The nuts securing the clamping ring are then tightened in
diametrically opposite pairs until the lead washers comnence to extrLde
slightly under the pressure. Ohould it be necessary to remove a
piston for any reason an extractor sii-ilar to that shova in Fig. 20 must
be used.

- 21 -
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XLI PITX II

Liquid Oxygen Vent Valve

Ovring to the small tolerances permitted on the vent valve com-
ponents it is essential that the follo-,-ing physical checks are carried
out on each vent valve in the particular oxidant tank to which the
valve is fitted.

I A,ssemblc the valve in the boss on the tank %ith the shear
wire fitted, but without the spring. Screv down the valve cap ard

ensure that the shear wire remains intact, Dismantle the valve

2 Assemble the vaivc in the boss without the shear wire or

spring and depress the plunger from inside the oxidant tank The end

of the plunger should fall at least 0.010 in below the inside surface
of the tank. Dismantle the valve.

3 A.ssemble the spring on the valve plunger and check that
when the spring is coil-bound the top coil comes at least 0.020 in

below the top of the plunger.

The valve is then assembled in a special test housing complete
with shear pin, plungor and spring. The plunger is depressed, thereby
shearing the pin, -ad the spring holda the valve on its seat. The test
housing is screwed into a small pressure vessel of 48 cub. in capacity
and the vessel is prcssurized to 400 lb "Cr sq in by dry nitrogen and
then sealed. The vaivu i. peviiittod to leak sufficiently to allow the
pressure to drop 25 lb jper :ci in over 20 seconds !fter testing, a
new shear pin is fitted and the valve assembly is packed hi a dust-
proof container until required for use.
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AIPENDIX III

Assembly of the oxidant tank lagging

Each gas delivery pipe is prevented from touching the tank by
inserting - in squares of asbestos sheet 1 in thick between the pipe
and the tank at the beginning and end of each expansion bend. The

sleeve is then pulled over the tank and attached to the flange at the
foxNvard end of the tank by Bostik cement. A circle is cut out of the

sleeve to correspond with the vent valve, and the edge of the circle is

stuck by Bostik cement to a small wooden former surrounding the vent

valve boss. As the efficiency of the lagging affects the evaporation

rate of liquid oxygen, which in turn affects the performance of the

cartridge, the lagging process is very carefully controlled. Exactly

4 Ib of dry magnesiun carbonate powder is weighed, and this quantity is

distributed evenly between the sleeve and the tank before the end of the

sleeve is attached to the flange at the rear end of the tank. The con-

cave closing plate at the front end of the tank is filled with 8 oz of

magnesiun carbonate. The powder is consolidated by shaking, then

sealed by means of a cardboard disc which is sealed around its edge by

Bostik cement. A special plate was made to retain the powder at the

breech end of the oxidant tank. The seal around the edges is made by

placing a fillet of Bostik cement and asbestos fibre round the edge

before securing the plate in position by grub screws. The space between

the end of the tank and the plate is filled with 2_ oz of magnesium car-

bonate through the central aperture which is sealed by a cover plate.

The oxidant delivery pipe to the combustion chamber is lagged with

two layers of 3/3 2 in thick asbestos tape which is covered with one

layer of P.V.C. adhesive tape.
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FIG.3
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FIG.3. OXIDANT TANK FILLING OPERATION
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FIGY7
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FIGY7. ORIGINAL DESIGN OF OXIDANT PISTON
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FIG.8
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FIG.8. EXPERIMENTAL OXIDANT PISTON SEALS
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FIG.9. FINAL DESIGN OF OXIDANT PISTON
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